Salix carboniferous solid acid catalyst was prepared by pyrolysis carbonization and sulfonation of Salix psammophila, used in esterification of oleic acid and methanol for biodiesel production. The transformation of pore structure ,peak state of functional groups, phase structure, morphological characteristics,and thermal stability of Salix,Carbonized intermediate and Sulfonated catalyst were characterized by BET Static nitrogen adsorption instrument, Fourier transform infrared spectrometer (FT-IR), Scanning electron microscope(SEM),X-ray diffractometer (XRD). Combined with the analysis of infrared and nitrogen adsorption data, the catalyst made the great esterification rate of oleic acid, which was the result of the synergistic effect of three kinds of functional groups and pore structure. Combined with SEM and XRD data, the amorphous carbon structure of the catalyst is important to the catalytic performance, and the catalyst has good stability. Therefore, the preparation of biomass carbon-based solid acid catalyst have received great attention in many aspects.
INTRODUCTION
Biodiesel, an environmentally friendly sustainable fuels composed of a class of alkyl esters of long-chain fatty acids, with low sulfur content, degradability and regeneration, easy storage and transportation, and good lubricity, is a substitute for traditional mineral fuels in the future [1] [2] [3] .Biodiesel is major prepared by transesterification of triglycerides or esterification of free fatty acid (FFAs) are used. Usually liquid acids (such as H 2 SO 4 , HCl, etc.) are used as catalysts for esterification in industry, which have highly efficient and relatively inexpensive. All the same, there are problems, such as difficult to separate, hard to recycle, serious corrosion of equipment and environmental pollution [4] [5] .
Canbonaceous solid acid (CSA) obtained by sulfonating a biomass-rich raw materials with abundant fixed carbon at a certain temperature. Compared with concentrated sulfuric acid, this type of catalyst has low preparation cost and realized the waste utilization of biomass, which has the advantages of good selectivity and great catalytic activity, easy separation, no equipment corrosion and environmental pollution, and easy recycling for repeated use in chemical reaction [6] . It is attracting much attention as a green environment-friendly catalyst in recent years [7] [8] [9] [10] [11] [12] .
In this paper, Salix psammophila, a kind of desert shrub, was used as raw material for preparation of Salix carboniferous solid acid catalysts using pyrolytic carbonization-(sulfuric acid) sulfonation process, which were used to catalyze the esterification of oleic acid and methanol to biodiesel, the catalytic performance, the structure-activity relationship and the structure-activity effect of the catalytic reaction were studied.
MATERIAL AND METHOD

Material
Salix, collected from Ordos, Inner Mongolia; Concentrated Sulfuric Acid (98% , Analytical Pure, Sinopharm Chemical Reagent Co, Ltd);Ethanol (95% , Analytical Pure, Tianjin Fengchuan Chemical Reagent Science And Technology Co, Ltd); Cis-9-octadecenoic acid (Analytical Pure, Tianjin Fuchen Chemical Reagent Factory);Absolute methanol (Analytical Pure, Tianjin Fengchuan Chemical Reagent Science And Technology Co., Ltd).
Method
Carbonization (in Figure 1 ): Salix as raw material was carbonized in a fixed-bed tubular pyrolysis furnace at different temperatures (≥300 °C), a certain time under the protection of nitrogen to obtain the dark brown Salix charred charcoal intermediates with different pore structures, marked as "C temperature". Sulfonation (in Figure 1) :A certain quality of Salix charcoalized intermediate was placed in a stainless steel hydrothermal reaction vessel lined with Teflon (PTFE), and 98% concentrated sulfuric acid (mC:VH2SO4=1g:10ml) was added ,and sulfonated at different temperatures for a certain time. After the end of the reaction, it was cooled, washed and dried, labeled "C temperature-S temperature", and placed in a desiccator for use. Performance testing (in Figure 1) : A certain amount of oleic acid and methanol were placed in a three-necked flask and a certain amount of salix carboniferous solid acid catalyst was added(mcatalysts: moleic acid=7%), which were placed in a water bath pot at a certain temperature (68±1℃).When the temperature of the mixed of oleic acid and salix carboniferous solid acid catalyst reaches the specified reaction temperature, and timed. After the specified reaction time was reached, the catalyst was separated and recovered, and the remaining liquid is biodiesel and unreacted oleic acid and alcohol, which was repeatedly rinsed with boiling distilled water and separated by a separatory funnel. The upper layer, an ester phase; the lower layer, an aqueous phase. The ester phase was washed with distilled water several times until the PH of the eluent was neutral, and the upper layer was titrated.
Product Separation and Analysis
According to the third method (thermo-ethanol method) for the determination of acid value and acidity of animal and vegetable oils in GB5009.229-2016, the acid was titrated with 0.1mol/LKOH standard solution, and the conversion rate of oleic acid was calculated.
A0 is the initial acid value of the reaction, AT is the instantaneous acid value of the reaction 0.05g of the dry salix carboniferous solid acid catalysts was accurately weighed on an analytical balance, placed in a 50 mL Erlenmeyer flask. 0.1 mol/L NaCl solution of 30 ml was added, and the ion exchange was complete by sonication for one hour. After filtration of the catalyst, the filtrate was titrated with a 0.1 mol/L standard NaOH solution with phenolphthalein as an indicator, calculating the acidity of the catalyst surface by the titration results.
RESULT AND DISCUSSION
The Effect of Carbonization and Sulfonation Temperature on Esterification Rate and Surface Acid Amount
It can be seen in Figure 2 (a), the rate of esterification of oleic acid with anhydrous methanol is affected by five different sulfonation temperatures with the increase in the carbonization temperature of the salix carboniferous solid acid catalysts. At the sulfonation temperatures of 95℃and 105℃, with the increase of the carbonization temperature, the esterification rate showed an upward trend in the early stage.It is speculated that during the carbonization stage, the temperature is low, and most of the pore structures easily to form are micropores and mesopores.
As the carbonization temperature continues to rise, the esterification rate begins to decline and the overall trend tends to be flattened. It is inferred that the formation of mesopores, macroporous pore structures was resulted in the high-temperature carbonization process. After the sulphonation of concentrated sulfuric acid, the etching of the hole wall and the degree of surface ablation are deepened, resulting in the collapse of the pore structure .And the catalytic performance of the catalyst is greatly reduced.
When the sulfonation temperatures were 115℃, 125℃, and 135℃, the esterification rate was showed a downward trend with the increase of the carbonization temperature. Therefore, it is speculated that in the pore structure of the carbonized pores in the early stage of micropores and mesopores, as the higher sulfonation temperature ,the sulfonation was no longer was dominated by the pore expansion, but caused the pore structure to collapse, which was made the catalytic performance in the early period showed a downward trend; As the carbonization temperature increased again, the esterification rate was started to increase or to be flattened. It is inferred that the mesopores and macropores formed by the high carbonization temperature will be formed after the higher temperature sulfonation of concentrated sulfuric acid. The new pore structure is more suitable for loading sulfonic acid groups, thereby the improvement of catalyst catalytic performance leads to the increase of esterification reaction rate. Figure 2(b) shows the effect of the Salix charcoal-based solid acid catalyst on its surface acidityt at five different sulfonation temperatures with the increase of the carbonization temperature .Combining the two figures, it can be concluded that the esterification rate was consistent with the overall trend of surface acidity in S95, S125, which demonstrated that the surface acidity is an important factor affected the catalytic performance of the catalyst; while S105 in C400, S115 in C550, S135 in C450, C500, and C550, has different trends between esterification rate and surface acid amount. Therefore, there are other factors that affect the catalytic performance.
Surface area, pore structure, pore volume, and pore size distribution were also important factors to the catalytic activity of the catalyst. The activity of the catalyst was directly related to the available surface area, pore volume and pore size distribution of the reaction. Choose a suitable temperature of carbonization and sulfonation is an important condition to prepare a higher activity catalyst with a high internal surface availability and a suitable pore size distribution.
FT-IR Spectra Analysis
The comparison of the infrared spectra of Salix psammophila and carbonized intermediates showed that salix psammophila was not completely charred, and at the high temperature conditions, each group, bridge, radical, and aromatic ring in the molecular structure was subjected to a complicated decomposition and polycondensation reaction, resulting in the heat-labile components to be eluted as volatiles. There is a strong and broad bending vibration absorption peak in the region of 3200cm-1-2500cm-1, which resulted from the stretching vibration of the hydroxyl group and the frequency and frequency of the deformation vibration. It can be seen that there are a large number of hydroxyl groups on the surface of the carbonized intermediate and the sulphonation catalyst. The stretching vibration peak of carboxyl appears around 1600cm-1, which was caused by the formation of hydrogen bonds and the conjugation of aromatic rings, leading to the displacement of carboxyl groups to low wave numbers. The stretching vibration peaks of sulfonic acid groups and sulfur-oxygen double bonds were observed near 1000cm-1 and 1100 cm-1 respectively in the sulphonation catalysts, demonstrating that sulfonic acid groups were formed in the carbides through the sp2 hybrid orbitals. With the synergistic effect of the three functional groups (the sulfonic acid group, phenolic hydroxyl group, and carboxyl functional groups in Figure 3 ), the higher catalytic activity is demonstrated by the Salix carbon-based solid acid catalyst. In the synergistic action of the three functional groups, the higher catalytic activity was demonstrated by the salix carboniferous solid acid catalysts, which reduced the reaction energy consumption and the generation of pollutants, had the same acidity as sulfuric acid, and was expected to be widely used as a substitute for sulfuric acid [13] [14] [15] . The XRD pattern of the raw material Salix psammophila in Figure 4 . (a) showed that the broad peak with 2θ of 20° to 30° was attributed to the characteristic diffraction peak of cellulose, indicated that the rich cellulose was contained in the raw material; The carbonized intermediate of Figure 4 . (b) and the sulfonation catalyst of Figure 4 . (c) Have no characteristic peaks on the (100) and (004) crystal planes. However, there was a broad peak near 2θ = 22°, attributed to Characteristic diffraction peaks of carbon (002) crystal planes,bThe peak indicated that the degree of parallel orientation and azimuthal orientation of the aromatic carbon layer in the microcrystals and the peaks were not obvious, showing a divergent shape. The lower and wider the peak, the greater the degree of non-orientation of the ply. It can be seen that the sulphonation catalyst has a disordered graphite structure, a large interlamellar distance, the smaller crystallite size, and the greater degree of amorphous formation, which made the surface atoms highly active. It is presumed that the catalyst has an amorphous carbon structure, which was more conducive to the combination of high density sulfonic acid groups. Compared to the carbonized intermediate, the diffraction peak of the sulphonation catalyst shifted to the right. It was shown that the carbonic acid intermediate promoted further conversion of the carbon structure if the sulfonic acid group was introduced. Since the solid acid catalysts prepared from graphite, carbon black, and glassy carbon have no activity in catalyzing the esterification reaction [7] . Salix psammophila, an irregular disorderly layered structure with disordered pore structure (in Figure 5(a) ); After the carbonization process, it turned into a regular disordered layered structure with nanometer-sized crystallite gaps and interlamellar spacings (in Figure 5(b) );The sulphonation of the carbonized intermediates became regular and orderly at 95°C and the pores were obvious.With the increase of sulfonation temperature, many disordered spherical structures appeared (in Figures 5(c) and 5(d) ).
XRD Analysis
Scanning Electron Microscopy (SEM) Analysis
The Stability of the Catalyst
The stability of the catalyst is an important indicator of the performance of the catalyst. In order to investigate the stability of the salix carboniferous solid acid catalyst, the C400-S95 optimal catalyst was recycled and used again according to the operation of 2.2.It was found (in Fig. 6 ) that the catalyst was continuously used for 7 times and the esterification rate was still higher than 85%, which indicated that the salix carboniferous solid acid catalyst has a good stability and be used repeatedly.
CONCLUSIONS
1.The salix carboniferous solid acid catalyst was prepared by carbonizationsulfonation method with salix psammophila as the raw material. The main factors influencing the activity of the catalyst were surface acidity and pore structure.
2.Under the optimal conditions (C400-S95), the prepared catalyst has a higher sulfonic acid density, a better pore structure and an effective specific surface area, and has an amorphous carbon structure.
3.The catalysts prepared under the conditions of C400-S95 worked synergistically to catalyze the esterification of oleic acid and methanol, making the esterification rate of oleic acid more than 98.0%,which has great thermal stability and reusability.
In summary, the results showed that sulfonic acid group was supported on sulfure-based Salix carboniferous solid acid catalyst with amorphous carbon structure, it has a certain structure-activity relationship and effect in the process of the catalytic reaction. Under the optimal conditions (C400-S95), the prepared catalyst has a higher sulfonic acid density, a better pore structure and an effective specific surface area, and has an amorphous carbon structure. The catalyst has stable catalytic activity. Therefore, the preparation of biomass carbon-based solid acid catalyst has a high application value in the preparation of biodiesel.
